Involvement of 3',5'-cyclic adenosine monophosphate-dependent protein kinase in regulation of Fos expression and tyrosine hydroxylase levels during morphine withdrawal in the hypothalamic paraventricular nucleus and medulla oblongata catecholaminergic cell groups.
Morphine withdrawal stimulates the hypothalamic-pituitary-adrenocortical axis activity by activation of nucleus tractus solitarius (NTS)/ventrolateral medulla (VLM) noradrenergic pathways innervating the hypothalamic paraventricular nucleus (PVN). We investigated whether cAMP-dependent protein kinase (PKA) plays a role in this process by estimating changes in PKA immunoreactivity and the influence of inhibition of PKA on Fos protein expression and tyrosine hydroxylase (TH) immunoreactivity levels in the PVN and NTS/VLM during morphine withdrawal. Dependence on morphine was induced by a 7-day s.c. implantation of morphine pellets. Morphine withdrawal was precipitated on day 8 by an injection of naloxone (5 mg/kg s.c.). When opioid withdrawal was precipitated, an increase in PKA immunoreactivity levels was observed 90 min after naloxone administration in the PVN and NTS/VLM areas. Morphine withdrawal induced expression of Fos in the PVN and NTS/VLM, indicating an activation of neurones in those nuclei. TH immunoreactivity in NTS/VLM was increased 90 min after induction of morphine withdrawal, whereas there was a decrease in TH levels in the PVN at the same time point. When the selective PKA inhibitor HA-1004 was infused it greatly diminished the Fos expression observed in morphine-withdrawn rats. Furthermore, the changes in TH immunoreactivity were significantly modified by infusion of HA-1004. The present findings suggest that an up-regulated PKA-dependent transduction pathway might contribute to the activation of the hypothalamic-pituitary-adrenocortical axis in response to morphine withdrawal.